Medicine, Stanford, California 94305, Figure Captions Potential energy and excitation energies of RPSB with torsion around the C 6 -C 7 bond in the gas phase. The ground (S 0 ) state geometries of the isolated RPSB moiety, which is the QM region of the QM/MM system of C1C2, along the torsional coordinate were optimized at the M06-2X/6-31G** level of theory. (a) Potential energy curve of the ground state (M06-2X/6-31G**). (b) Changes of the S 1 and S 2 excitation energies of RPSB. The excitation energies were calculated with the second order extended multi-configuration quasi-degenerate perturbed theory (XMCQDPT2) level of theory with a three-state averaged density, where all the valence π-orbitals and π-electrons of RPSB were involved in the active space and electrons, respectively. Basis functions of 6-31G** were employed for the XMCQDPT2 calculations. (c) Change in the S 1 -S 2 energy difference.
Supplementary Figure 3:
Decomposition of absorption spectra of C1C2WT and C1C2GA into spectral components expressed by Gaussian functions. Fitted parameters are listed in Supplementary Table 3. Red and blue curves indicate experimental absorption spectra (expt.) and fitted ones (fitted), respectively. Black curves are Gaussian components determined by the fitting. (a) C1C2WT fitted with three Gaussian functions, (b) C1C2WT fitted with three Gaussian functions assuming the same widths for the main and shoulder peaks, (c) C1C2WT fitted with two Gaussian functions, (d) C1C2GA fitted with two Gaussian functions, (e) C1C2GA fitted with three Gaussian functions, and (f) C1C2GA fitted with three Gaussian functions assuming the same widths for two peaks. The absorption spectrum of C1C2WT fit well with three Gaussian functions (a,b). Two sharp Gaussian functions express the main peak and the shoulder peak, respectively, and one broad one at ~72 kcal/mol (Supplementary Table 3) represents a component of the denatured state. In contrast, the absorption spectrum of C1C2WT
obviously cannot be expressed with two Gaussian functions (c), indicating that two components are necessary to represent the fine structures of the main band. The absorption spectrum of C1C2GA is well expressed with two Gaussian functions with a consistent component of the denatured state at 72 kcal/mol (Supplementary Table 3 ) (d), whereas the spectrum failed to be consistently fitted with three Gaussian functions (e,f); components of the denatured state are found at ~80 kcal/mol and are inconsistent with the other fittings. One component is therefore sufficient to represent the main band of C1C2GA. Action spectra of C1C2WT (black) and C1C2GA (red). Each spectrum is normalized to its own peak for ease of comparison. In the action spectrum of C1C2WT, a second peak
at 420 nm appears, in addition to the first peak at 470 nm. Note that the band corresponding to the second peak is absent in the absorption spectrum; the second peak in the action spectrum is located at a significantly shorter wavelength than the sub-band in the absorption maximum (450 nm). The absence of the corresponding peak in the absorption spectrum indicates that the photocurrent at the second peak in the action spectrum does not originate from a state in the resting dark state. 
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Supplementary Figure 14 : Evolution of the dihedral angle around the C 5 -C 6 bond in the RWFE free energy geometry optimization. Large changes of the dihedral angles and their convergence in the free energy geometry optimizations with MD trajectories for tens of nano-seconds were observed, indicating that the dihedral angles were well refined from the initial models without becoming trapped at a local minimum, which often occurs in a potential energy geometry optimization. 
